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KATE ADJUSTMENT TECHNIQUE IN A CDMA RECEIVER 



BACKGROUND OF THE INVENTION 
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1. Field of the Invention 

The present invention relates to a receiver for use in 
a variable rate CDMA (Code Division Multiple Access) 
coininunications system, and in particular to ^ rate 
adjustment method and device in a dcccder of the receiver. 

2. Description of the Related Art 

In a variable rate CDMA communications system, one of a 
plurality of predetermined symbol rates is selected at a 
transmitting side and data is transmitted to a receiving side 
at the selected symbcl rate. At the same time, the transmitting 
side sends rate decision data used to determine the selected 
symbol rate Lo the receiving side at a fixed rate. However, the 
selected symbol rate cannot be determined without decoding the 
rate decision data received from the transmitting side. 

Accordingly, in general, a finger section or RAKE 
receiving section despreads a baseband received signal at 
the maximum symbol rate to produce correlation valus data and 
then a decoder decodes the rate decision data to determine an 
actual symbol rate that has been selected at the transmitting 
side. If the actual symbol rate is lower than the despreadinq 
syrr±)ol rate that is now the maximum symbol rate, then the decoder 
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performs raLe adjustment of the correlation value data. 

The rate adjustment is performed by adding correlation 
value data received from the finger section for a 
predetermined number of symbols. The rate adjusLmenL like this 
5 is allowed in the case where a spreading code used for 

dRspr^flriing is a code sequence such that a code pattern with 
a smaller spreading factor is repeated a predetermined number 
of Limes to form a code pattern with a larger spreading factor, 
such as OVSF (Orthogcnal Variable Spreading Factor) . An exampl e 
10 of such a CDMA receiver is disclosed in Japanese Patent No. 
3 2972694. 

P Hereafter, the rate adjustment by addition of correlation 

value.s wiJ.l be described by referring to Fig. 1, taking as an 

3s; 

Ul example the case where a predetermined symbol rate is four times 

01 

£ 15 the actual symbol rate (here, the spreading factor 5F of the 

y finger sect.ion is 4 and that of rhe decoder is 16). 

f? it 

Iz. As showz: in F ig . 1, rhe finger section performs despreading 

\J of the baseband received signal at the maximum symbol rate to 

produce correlation values in symbols. Since the predeterrttined 
20 symbol rate is four times as high as the actual symbol rate in 
this example, the decoder adds every four correlation, values 
to produce a one-sy.T.bol correlati.on value. To avoid causing the 
sum of the four correlation values to exceed a predetermined 
upper limii: ot correlation value, the sum is normalized so that 
25 its maximum value falls within the upper limit After the rate 
adjustment, the correlation value data is subject to framing. 
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error-correction decoding, CRC checking, and so on. 

However, according to the above-described rate 
adjustment naethod, the addition processing of correlation 
values is performed in the decoder/ resulLiny in ai: increased 
5 burden on the decoder. 



An object of the present invention is to provide a rate 
adjustment method and device allowing zhe burden on the decoder 
to be reduced when decoding a variable-rate channel. 



adjustment method in a receiver for use in a variable-rate CDMA 
(code division mul tiple access) communications system, includes 
the steps of; a) despreading a received baseband signal based 
on a predelerniined symbol rate to produce at least rate- 

15 indicating data and a sequence of received correlation values; 
b) determining a received symbol rate of the received 
correlation values from the rate-indicating data; c) comparing 
the received symbol rate to the predetermined symbol rate; d) 
when the received symbol rate is lower than the predetermined 

20 symbol rate, comparing a receive quality to a predetermined 
quality level; e) when the receive quality is higher than the 
predetermined quality level, selecting at least one received 
ccrrelacion value from the received correlation values each 



SUMMARY OF THE INVENTION 
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According to the present invention, a rate 
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corresponding to a number of syiribols determined from a 
comparison result between the received symbol rate and the 
predetermined symbol rate; f) generating a correlation 
value matching Ihe received t^yinbol r^Le Irom at least one 
5 selected correlation value; and g) when the receive quality 
is not higher than the predetermined quality level, generating 
a correlation value matching the received symbol rate from the 
received correlation values. 

The receive qua li ty i n the step (ri) maybe determj ned based 

10 on a SIR (signal to interference ratio) of the received baseband 
signal at the step (a) . The receive quality ih the step (d) may 
be determined based on an estimated BER (bit error rate) obtained 
by performing error-correction decoding of the correlation 
value matching the received symbol rate. 

[5 The variable-rate CDMA communications system m.ay use a 

spreading code of OVSF (Orthogonal Variable spreading Factor) 
and the predetermined symbol rate is a maximum symbol rate of 
a receiving- channel , 

' In the step (e) , only one correlation value at a 

20 predetermined symbol timing may be selected from the received 
correlation values, and in the step (f), the correlation 
val\]e matching the received symbol rate may be the selected 
correlation value. 

In the step (e) / a plurality of correlation values may 

25 be selected from the received correlation values, and in the 
step (f), the correlation value matching the received symbol 
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rate may be generated by adding the selected plurality of 
correlaLion values. 

In the step (g) , the correlation value matching the 
received symbol rate may be generated by adding the received 
5 correlation values. 

According to another cispect of the present invention, a 
rate adjustment device in a receiver for use in a variable- 
rate CDMA (code division multiple access) communications system^ 
includes: a finger circuit for despreading a received baseband 
10 signal based on a predetermined symbol rate to produce at least 
"f rate-indicating data and a sequence of received correlation 

^ values; a rate determiner for determining-a received symbol rate 

01 of. the received correlation values from the rate-indicating 

fn data; a rate comparator for comparing the received symbol rate 

15 to the predetermined symbol, rate; a quality comparator for 

y comparing a receive quality to a predetermined quality level; 

01 

Rj a controllable adder for selectively adding the received 

! 5"?, 

Q correlation values to produce a correlation value matching the 

^ received symJDol rate depending on a designation signal; and an 

20 addition controller for producing the desiynaLiofi signal 

instructing the controllable adder to add at least one received 
correl ^^tlon value selected from the received correlation values 
each corresponding to a number of symbols determined from a 
comparison result of the race comparator, when the received 
25 symbol rate is lower th/^n the predetermined symbol rate and the 
receive quality is higher than the predetermined quality level. 
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As described above, when the receive quality is 
satisfactory, the correlation value addition operation can be 
simplified or removed from the rate adjusting operation, 
lesulLiag in a reduced burden on the decodor 103. 



Fig. 1 is a schematic diagram showing the addition 
processing of correlation values according to a^ conventional 
rate adjustment rr;ethod; 

Fig. 2 is a block diagram showing the circuit configuration 
10 of a COiyfA receiver according to a first embodiment of the present 
invention; 

Fig. 3 is a flow chart showing an operation of a decoder 
in the first embodiment; 



15 adjustivig operation according to the present invention; 

Fig . 5 is a block diagram showing the circuit configuration 
of a CDMA receiver according to a second embodiment of the 
present invention. 



5 



BRISF DESCRIPTION OF THE DRAWINGS 



Fig. 4 is a schema Lie diciyrdxn showing an example of a rate 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIRST EMBODIMENT 
Referring to Fig. 2, a CDMA receiver according to a first 
embodiment of the present invention 'is provided vi.th a 
5 demodulator {not shown) , a searcher 101, a linyer circulL 102, 
and a decoder 103 . The demodulator demodulates a radio received 
signal to produce a baseband received signal^ which is output 
to the searcher 101 and the finger circuit 102. 

The searcher 101 searches the baseband received signal 
10 to find the receive timing of a significant path and o\itp\3ts 
the found received timing to the finger circuit 102. 

The finger circuit 102 is composed or a typical RAKE 
receiver structure, which performs despreading of the baseband 
received signal oL the receive timing inputted from the searcher 
15 101 using a despreading cede determined based on rate 

information DSK (symbol rate or spreading factor) . The rate 
information D3R is received from an upper layer and is set to 
the m.aximuTn one of possiljle symbol rates on a variable-rate 
channel- The /:incer circuit 102 produces rate decision. data 10, 
20 correction value data 11 obtained by the RAKE combining process, 
and a SIR (Signal to Interference Ratio) value 12 of the received 
signal, which are output to the decoder 103. 

In r.hR dpicoder 103, a rate decision section 104 decodes 
the ra-e decision data 10 received from the finger circuit 102 
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to determine an actual symbol rate ASR of the received signal 
and output it to a rate comparator 105. The rate comparator 105 
compares the rate information (here, the maximum symbol rate) 
DSR to the dcLudl syn'±>ol rate ASR to output a rate comparison 
5 resulL 13 to an effective correlation value decision section 
107. 

The finger section 102 outputs the SIR vdlue 12 of Lhe 
received signal to a SIR comparator 106. The SIR ccmparator 106 
compares thfi SIR value 12 of the received signal to a reference 

10 SIR value SIR^yr^ to output a SIR comparison result 14 to the 
effective correlation value decision section 107. 

The effective correlation value decision section 107 
produces an addition control signal 15 from the rate comparison 
result 13' and the SIR comparison resulr 14 according to a 

15 predetermined-procedure. The addition control signal 15 is used 
to instruct the correlation value addition processor 108 whether 
Lhe full addition/ selective addition/ or no addition of 
correlation values is performed, which will be described 
hereafter by referring to i:*ig. 3, The addition control signal 

20 15 is output to a correlation value addition processur 108. 

The correlation value addition processor 108 receives the 
corrc?cfi on value data 11 from the finger circuit 102 and performs 
addition of correlation values depending on the addition control 
signal lb. The correlation value addition processor 108 produce 

25 correlation value data 16, which is output to a decoding 
processor 109. 
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Rate adjusting operation 

Hereafter^ the full addition, selective addition, and no 
addition operations in the above decoder 103 will be described 
with reference Lo Fig. 3. The rate adjusting operation may be 
performed by a progran^controlled processor running a rate 
adjustment program composed of the following steps thereon. 

Referring to Fig. 3, the effective correlation value 
decision section 1C7 determines from the rate comparison result 
13 whether thp. actual symbol rate ASR is lov;er than the 
predetermined symbol rate {here, the maximum symbol rate) DSR 
and how many tim.es the predetermined syirbiol rate DSR is as high 
as the actual symbol rate ASR (step S201) . 

When ASR is equal to DSR (NO at step S201 ) . it is determined 
that no rate adjustment is necessary. ■ Therefo5:e, the effective 
correlation value decision section 107 produces the addition 
control signal 15 instructing the correlation value addition 
processor 108 to pass through the correction value data 11 to 
the decoding processor 109 (no addition operation) . 
Accordingly^ the correction value data 11 is decoded as it is 
by the decoding processor 109 (step S2C5) . Since Llie 
predetermined symbol rate DSR is the mcaximum symbol rate, there 
i.s actually ho case where ASR is higher than DSR at the step 



When the actual symbol rate ASR is lower than the 
predetermined symbol rate DSR (YES at step S?01) , the effective 
correlation value decision section 107 further determines from 



S201. 
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the SIR comparison result 14 whether the received signal SIR 
value is greater than the reference SIR value SIRsFrr that is, 
the receive quality is satisfactory (step 3202) . 

II Lhe received signal SIR value is not greater than the 
5 reference SIR value SIRp.p;^ (NO at step S202) , it is determined 
that the receiving quality is not sufficiently high. Therefore, 
the effective correlation value decision section 107 produces 
the addition control signal 15 instructing the correlation value 
addii:iQn processor 108 to perform the addition of correlation 

10 values for the predetermined number of symbols, which is the 
same as the prior art (full addition operation) . Accordingly, 
Lhe correlation value addition processor 108 performs the full 
addition operation and outputs the normalized sum as correction 
value data 16 iro the decoding processor 109 (step S204) . The 

iS corraction value data 16 is decoded by the decoding processor 
109 (step S205) . 

If the received signal SIR value is greater than the 
reference SIR value SIR^^^^ (YES at step S202) , it is determined 
that the receiving quality is sufficiently high. Therefore, the 

20 effective correlation value decision section 107 produces the 
addition control signal 15 instructing the correlation value 
addil.ion processor IDS tc perform the addition of at least one 
selected from the correlation values for the 
predetermined number of symbols, which is called hereafter a 

25 selective addition operat.lon (step S203) . Accordingly, the 
correlation value addition processor 108 performs the selective 
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addition operation and outputs the normalized sum as correction 
value data 16 to the decoding processor 109 (step S204). The 
correction value data 16 is decoded by the decoding processor 
109 (step S205) . 

Hereafter, an example of the rate adjustment according 
to the first embodiment will be described by referring to Fig. 
4, taking as an example the case where a predetermined symbol 
rate DSR (spreading factor: SF=<1) is four times as high as the 
actual symbol rate ASR (SF=1fi) and the received signal SIR value 
is greater than the reference SIR value SIR;;^;^. 

As shown in Fig. 4, the iinger circuit 102 performs 
despreadlng of the baseband received signal at the maximum 
symbol rate DSR (SF-4) to produce correlation value data 301 
in syrr^bols. Since DSR is four times as high as ASR (YES at S201 
of Fig. 3) and the received signal SIR SIR,;., (YES at step S202 
of Fig, 3), the effective correlation value decision section 
107 sel".cts one symbol 302 (here, the first s/rr.bol) from four 
symbols 301 and outputs the addition control signal 15 
indicating the selected symbol timing to the correlation value 
addition processor 108. 

Since only one symbol is selected from four symbols;- the 
correlation value addition processor 108 transfers a 
correlation value corresponding Lo the selected symbol to the 
decoding processor 109 without the need of addition operation, 
resulting in a reduced amount of data to be processed in the 
decoder 103. 
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It is possible to sc^lect two or three symbols from the 
four symbols. In this case, the arr.ount of data to be processed 
in the decoder 103 is smaller than in the case of full addition 
of the four correlation values. 
S As described above, in the CDMA receiver according to the 

first embodiment of the present invention, when the receive 
quality is good, Lhat is, the received signal SIR > SIR^ef/ the 
correlation value addition operation can be omitted or 
simplified, resulting in a reduced burden on the decoder 103. 
10 'A received signal SIR is detected by the finger circuit 

102 for each slot . Accordingly, the effective correlation value 

01 

g^s decision as described above can be performed at intervals of 

m 



the slot. Alternatively, it can be performed at intervals of 
a longer time period by averaging received signal SIR values 
15 over a plurality of slots. In contrast, the correlation value 
addition is performed for each symbol. Therefore, by omitting 
or simplifying the currelaLion viilue addition operation, an 
amount of data to be processed in the decoder can be dramatically 
red\:ced as a whole. 
20 As described above, the reference SIR value SIRr^f Is used 

as a criterion to determine whether the correlation .value 
addition operation can be omitted or simplified. Such a 
reference SIR value SIRf^^i.. is determined by simulation or 
experiment so that desired receive quality can be obtained when 
25 omitting or simplifying the correlation value addition 

operation. The reference SIR value SIRr^f is stored in a memory 
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The decoded data is encoded again and the re-encoded data is 
compared to the correlation value data 16 to produce an estirriated 
3ER value 17. The esti.T.ated BER valu« 17 is output to the BER 
compararcr 403. 

5 The BER comparator 403 compares the estimated BER value 

17 tc a reference BER value BERj^t-p to output a BER comparison 
result 10 to the effective correlation value decision section 
107. The reference BER value BER^^^. indicates the receive 
quality, which is determined depending on the type of service 

10 provided by a channel. The reference 3RR value BER.r^- is stored 
in a memory (not shown) ot the oecoder 4U1. 

The full addition, . .selective, addition, and no addition 
operations in the decoder 401 are the same as those in the decoder 
103 as shown i,n Fig. 3. A main part of the operations will be 

15 described briefly. 

In Fig. 3, when ASR is equal to DSR (NO at step S201), 
it is determined that no rate adjustment is necessary. 
Therefore, the effective correlation value decision section 107 
produces the addition control signal 15 instructing the 

20 correlation value addition processor 108 to pass through the 
correction value data 11 to the decoding processor 1Q9 (no 
addition operation) . Accordi.ngl y, the correction value data 11 
is decoded as it is by the decoding processor 109 (step S205) . 
When the actual symbol rate ASR is lower than the 

25 predetermined symbol rate DSR (YES at step S201) , the effective 
correlation value decision section 107 further dererminas from 
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the BER cumparison result 18 whether the estimated BER value 
is smaller than the reference BER value BERrp.f, that is, the 
receive quality is satisfactory (step S2C2) . 

If th'3 GStimated BER value is not smaller than the 
reierence BER value BERf,^^ (NC at step S202) , it is determined 
that thR receiving quc.lity is not sufficiently high- Therefore, 
the effective correlation value decision section 107 produces 
the addition control signal 15 instructing the correlation value 
addition processor 108 to perform the addition of correlation 
values for a predetermined number of symbols, which is the same 
as the pricr art {full addition operation) . Accordingly, the 
correlation value addition processor 108 performs rhe full 
addition operation and outputs the normalized sum as correction 
value data 16 to the decoding processor 109 (step S204) . 

If the estimated BER value is smaller than the reference 
BER value BER^.j. (YES at step S202), it is determined that the 
receiving qudliLy is sufficiently high. Therefore, the 
effective correlation value decision section 101 produces the 
addition control signal IS instructing the correlation value 
addition processor 108 to perform the addition of at least 
selected one of the correlation values for the 
predetermined number of symbols (select i.vR addition) (step 
S203) . Acccrdingly, the correlation value addition processor 
103 performs the selective addition operation and outputs 
the normalized sum as correction value data 16 to the decoding 
processor 109 (step 5204). 
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In this T;anner, in the CDMA receiver according to the 
second enibodirr;ent of the presen-c invention, as the case of the 
first embodiment, when thfi receive quality is good, that is, 
the estimated BEIR < BERj^gp, Lhe correliitiioii value addition 
5 operation can be omitted or simplified, resulting in a reduced 
burcien on the decoder 401. 
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